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Abstract 
 
Attention is increasingly directed toward better understanding the factors driving 
collaboration among researchers, particularly collaboration between researches from different 
disciplinary backgrounds. Previous research suggests that factors such as previous 
employment in industry, gender and academic rank may be linked to different collaboration 
strategies among academic researchers. These studies have predominantly focussed on 
researchers in the natural and physical sciences (Bozeman & Corley 2004; Lee & Bozeman 
2005; Bozeman & Gaughan 2011). This study investigates the motivations of researchers to 
engage in disciplinary and interdisciplinary research collaboration in the social sciences. 
Drawing on data from a survey of 698 researchers working in Australia, we consider 
researchers´ different strategies for collaboration. We analyse whether different strategies are 
linked to higher involvement in either disciplinary or interdisciplinary collaborations. We also 
analyse whether different collaboration strategies are linked to an orientation toward either 
basic or applied research. The paper discusses the findings in relation to policy settings in the 
Australia research context, particularly incentives and support measures for interdisciplinarity 
in the social sciences. It goes on to consider the utility of the current findings for policy 
makers, critically highlighting the tendency for policy-driven research to assume that ‘more 
collaboration’ is a desirable. 
 
 
 
 
 
1. Introduction 
 
Research collaboration is a topic of considerable interest to scholars of science and research 
policy (Katz and Martin 1997). Research collaboration has been observed to become more 
commonplace over time, due in part to ‘big science’ and the heightened complexity of, and 
specialisation within, scientific research (Blau 1994; Price 1986; Wray 2005). The 
proliferation of specialisations underlies the argument that interdisciplinary collaborations are 
important in the interests of integrating knowledge from diverse points of the scientific 
compass (Liu et al. 2012). This has in turn driven the emergence of new forms of organization 
of collaboration (Chompalov et al. 2001; Porac et al. 2004) and diverse mechanisms for 
collaboration between different types of organisation (D’Este and Patel 2007). Professional 
reward structures have also adapted, providing highly differentiated rewards for diverse types 
of contribution to collaboration (Laudel 2001). 
 
More recently, the emergence of broad new research challenges, such as sustainability, has 
driven the mobilization of diverse types of disciplinary knowledge within collaborative 
frameworks (Tappeiner et al 2007). Other logics have also contributed to normative demands 
for interdisciplinary research, including a focus on innovation-led economic growth enhanced 
by closer integration of universities, industry and societal needs (Barry et al 2008). Policy 
initiatives seeking to coordinate public investments in science with the demands of both 
industrial and public sector end-users include incentives for interdisciplinary collaboration 
(Lepori 2011). Viewed from the individual or research group perspective, the availability of 
such support measures can precipitate the extension and diversification of networks (Callon 
2002). Collaboration between researchers from different scientific disciplines has thus 
emerged as a particular focus of scholarly interest in topics as diverse as scientists’ 
collaboration strategies, the organisation of knowledge production and policy evaluation 
(Bozeman and Gaughan 2011; Porter and Rafols 2009; Wagner et al 2011). 
 
Research that focuses at the individual researcher level (Melin 2000), as this study does, 
focuses on factors contributing to collaborative activity and the effects of collaboration. 
Collaboration with industry has been shown to have beneficial effects on scientific 
productivity (Lee and Bozeman 2005, Lin and Bozeman 2006). A variety of collaboration 
strategies have been linked to different sets of motivational factors (Bozeman and Corley 
2004; Bozeman and Gaughan 2011; Melin 2000). Female researchers have been found to 
have similar levels of research collaboration as males overall (Bozeman and Gaughan 2011), 
with some studies suggesting women are more attracted to interdisciplinary collaboration 
(Rhoten and Firman 2007; van Rijnsoever and Hessels 2011). Case studies based on co-
authorship data have illustrated substantial variation in the forms and objectives of research 
collaboration at the international level (Wagner 2005). Since Hagstrom (1965), it has been 
generally assumed that applied research is more interdisciplinary, however this has not been 
conclusively demonstrated (Katz and Martin 1997). 
 
A smaller number of studies have focussed specifically on research collaboration in the social 
sciences. Endersby (1996) studied co-authorship in social science journals from a range of 
discipline and found around half of all papers had multiple authors. Leahey and Reikowksy 
(2008) found that the extent of specialization in sociology is linked to distinctive 
collaboration strategies. They found the majority of co-authorships (70%) followed a strategy 
reinforcing common approaches to shared research topics (2008: 436). Lee (1996) found 
social scientists had a far more negative outlook on applied research collaborations than 
natural and physical scientists and engineers. However, much remains unknown regarding 
collaboration in the social sciences. 
 
Gaps in knowledge about research collaboration are partly due to methodological challenges 
(Katz and Martin 1997; Laudel 2002), which are amplified when studying interdisciplinarity. 
A discipline can be considered as a ‘historically evolving and heterogeneous nexus of objects, 
problems, theories, texts, methods and institutions that are thought to be worth both contesting 
and defending’ (Barry el al 2008). Disciplines are also in part differentiated by their formal 
organisation, particularly within University departments (Becher and Trowler 2001; Whitley 
2000) that are also responsible for disciplinary socialization processes through doctoral 
research training (Delamont et al. 2000). This complexity means sharply defined borders 
often cannot be assigned to scientific disciplines. Interdisciplinarity thus constitutes the kind 
of multidimensional and complex research object regarding which only partial indicators can 
be constructed (Martin and Irvine 1983). Depending on what types of data and methods are 
used to construct these indicators, quite different calculations can be made. For example, 
studies based on surveys tend to identify factors contributing to individuals’ propensity to 
collaborate with colleagues from another discipline (van Rijnsoever and Hessels 2011). 
Bibliometric studies based on keywords, database subject categories or text mining build 
indicators of research outputs that identify patterns of integration and/or diversity among 
knowledge fields (Porter et al 2007; Liu et al 2012; Rafols and Meyer 2010). A better 
understanding of interdisciplinarity is thus incrementally being pieced together using quite 
diverse partial indicators.  
 
This paper contributes to knowledge about collaboration and interdisciplinary collaboration, 
particularly in relation to the social sciences. It discusses results from a study of Australian-
based researchers, which investigated factors contributing to participation in research 
collaborations. It also develops an analysis of the ‘disparity’ (Stirling 2007) between 
collaborating partners. Despite notable exceptions (Leahey and Reikowsky 2008), few 
previous studies have sought to identify the disciplinary location of both social scientists and 
their collaborators, as we do here. The results provide insight into the extent to which social 
scientists cross frontiers between broad scientific fields to collaborate. 
 
1.1 Social sciences in Australia 
 
The Australian context for researching social science collaboration includes certain distinct 
local characteristics. However, social science graduates and researchers are produced within 
an internationally competitive education system, characterised by a small numbers of top-100 
ranked universities, an extensive export component (international students) and a domestic 
student body that is highly diverse culturally and around 60% female. Australian social 
scientists publish significant numbers of papers in international journals (Butler 2003) and 
collaborate strongly internationally (Matthews et al 2009). In this, the Australian context has 
strong interconnectedness with, and relevance to, international research concerns. 
 
Two background characteristics of the social sciences in Australia we considered important 
are the likely internationalisation of, and high female participation in, the social science 
research workforce. As part of its review of the national innovation system, the Australian 
Government developed a ten year research workforce strategy 2010-2020.
1
 It identified the 
importance of migrant and international student flows to the stock of researchers working in 
Australia. Of the PhD qualified population at Census 2006, 52% were Australian born. The 
estimated number of migrants with PhD qualifications who arrived in Australia between 1996 
and 2006 was 5,651 (Edwards et al. 2009). The total number of PhDs completed by domestic 
students in 2010 was 4,456, with a further 1,597 doctoral completions by international 
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students.
2
 Whilst around 11% of domestic doctoral completions leave to work overseas 
(Edwards et al. 2009), approximately half of all international students remain working in 
Australia the year after completing their PhD (Edwards et al 2009: 29, 25). Our own survey-
based research has similarly found around 40% of both international PhD students and post-
doctoral research fellows remained working in Australia (Turpin et al. 2010). It is thus 
apparent that the internationalisation of the research workforce is an important part of the 
Australian context, a factor we took into account in designing our study. 
 
Women constituted just 30% of the total stock of the PhD qualified in Census 2006, although 
44% of those in the 30-39 age group (Edwards et al 2009). However, in 2009 female students 
completed 65% of a total of 1,084 domestic doctorates in ‘society and culture’, plus 48% of 
264 doctorates in society and culture completed by international students. At earlier stages of 
the social science ‘pipeline’, female students made up 67% of both Bachelor´s degrees and 
Bachelor´s Honors degrees (usually required for doctoral course entry) in 2010. At later 
stages of the pipeline, whilst data are not available for the social sciences specifically, women 
made up 50% of full-time research staff in Australian universities in 2011 and 51.5% of 
Lecturer level faculty. However, women made up only 42% of Senior Lecturers and just 27% 
of a Professoriate dominated by older males.
3
 The proportion of women in senior roles in 
social science would likely be better than these overall ratios. Nevertheless, whilst the social 
science careers pipeline is dominated by women at the entry and early stages, it is likely this 
flow has yet to fully ascend to high level positions within higher education. We also took this 
specific national gender context into account in designing our study. 
 
The paper proceeds as follows. Section 2 describes the variables and hypotheses used in this 
survey. Section 3 summarises the method and Section 4 the analyses conducted and the 
results obtained. The final section specifies the limitations of the research and suggests some 
future research opportunities. Some policy implications and final thoughts on the findings 
conclude the paper. 
 
2. Hypotheses 
 
The study follows the approach of other recent surveys of research collaboration (Boardman 
and Corley 2008; Bozeman and Corley 2004; Bozeman and Gaughan 20011; van Rijnsoever 
and Hessels 2011). In common with these studies, insight can be gained into research 
collaborations that may not be formalised in co-authorships or other outputs available to 
bibliometric studies. Methodologically, this paper takes a straightforward approach to the 
question of what constitutes interdisciplinarity, as other recent studies have done (Liu et al 
2012, Rafols & Meyer 2010; van Rijnsoever and Hessels 2011). Throughout what follows we 
use ‘cross-disciplinary collaboration’ (Rafols and Meyer 2007) to subsume in one general 
term various specific definitions.
4
 This term is quite commonly used in the Australian context 
to indicate collaboration across disciplinary divides and met our criteria of broad 
inclusiveness better than terms such as inter-disciplinarity or trans-disciplinarity. 
 
The dependent variables are numbers of research collaborations and numbers of cross-
disciplinary research collaborations. We use a broad definition of research collaboration as 
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working closely with others to produce new knowledge, or to develop or apply existing 
knowledge. Cross-disciplinary research collaboration is defined as working closely with 
researchers from disciplines different from your own to produce new knowledge, or to 
develop or apply existing knowledge. The first concern of our statistical models is to estimate 
which factors contribute to the volume of collaboration activity. The second is to discern any 
difference in relevant factors, or the extent of their contribution to the models, when 
comparing collaboration and interdisciplinary collaboration. 
 
2.1 Hypotheses regarding the number of research collaborations 
 
The total number of research collaborations in which a researcher has been involved grows 
over the course of the career. The number of collaborations in which a researcher is involved 
at any point may remain quite constant or be quite volatile, depending on other factors such as 
job changes or funding outcomes, for example. Therefore, to allow some insight into how 
numbers of research collaborations correlate with independent variables that reflect career 
stage, such as years of experience, we wanted to limit our questions about numbers of 
collaborations to a finite period. We considered asking the number of collaborations in the 
previous five years, but eventually decided this was too short considering that a single 
intensive collaborative project may monopolise much of a researcher’s time for all this period. 
We eventually asked about the number of collaborations in the past ten years. This has the 
advantage of allowing shifts in numbers of collaborations in longer careers to be reflected, 
whether this is continually increasing, remaining constant or even decreasing, should the 
structure of research careers in social science include a phase of concentrated activity with 
limited collaborative partners, for example.  
 
The initial hypotheses relate to researcher characteristics. Women in science and research are 
known to encounter obstacles to career progress due to professional structural factors (Fox 
2010; 2011) and to personal factors including partnering (Probert 2005), responsibilities for 
children and being the ‘trailing spouse’ in peripatetic careers (Ackers 2004; Probert 2005; 
Shauman and Noonan, 2007). European data suggests the career pipeline for women in 
science and research remains leaky, particularly when it comes to progressing to higher level 
positions (European Commission 2009). Barriers to participation and obstacles to career 
progress may reduce the opportunities available to women to engage in research 
collaboration. Some studies have found men have more research collaborators than women 
(Bozeman and Corley 2004; Lee and Bozeman 2005). More recently Bozeman and Gaughan 
(2011) found no difference in the number of collaborators by gender, although men increased 
the number of their collaborators via three collaboration strategies: instrumental, experience 
and mentoring, whilst only women’s mentoring strategies predicted the number of research 
collaborators. Van Rijnsoever and Hessels (2011), however, found that while there is no 
difference between men and women in total numbers of collaborations, women have more 
interdisciplinary collaborations than men. It should be noted that none of these studies are 
focused on the social sciences. Women are in the majority of social science PhDs and entry 
level academic positions in Australia. Given there is some evidence that women tend to 
collaborate with more with other women in universities (Boardman and Corley 2008) and 
professional networks (Ibarra 1992), then perhaps, overall, women in social sciences in 
Australia will be involved in equal numbers of collaborations as men. However, we also know 
that women are under-represented in higher level positions in Australian universities. On 
balance, then, we test: 
 
Hypothesis 1.1 Men and women do not differ significantly in the number of research 
collaborations. 
Hypothesis 1.2 Men and women do not differ significantly in the number of cross-
disciplinary research collaborations. 
 
The migration and mobility of the highly skilled is argued to be beneficial to the knowledge 
capital and innovation systems of receiving countries (Hart 2006; Williams 2007). Australia is 
a country of high levels of inward population flows with a policy accent on the skilled 
migration program and education exports. A significant proportion of these inward population 
flows take up Australian citizenship after periods as permanent residents (DIAC 2011). Dual 
nationality is permitted in Australia, reducing impediments to processes of exchange and 
interaction between countries in which researchers may have interests. In addition specific 
Visitor visas enable organisations, such as universities, to hire non-nationals for up to four 
years initially, with a reduced processing time frame than occurs through the Migration 
Program. Researchers from overseas can be assumed to have an enlarged base of contacts due 
to their dual professional contexts. At the same time, many second or third generation migrant 
families retain strong ties with countries of origin, including citizenship status where 
permitted. Australian-born dual citizens can also be assumed to have cultural, family and 
personal ties that may increase professional collaboration opportunities. Based on previous 
survey work in the natural sciences (Woolley et al. 2008), we expected a significant 
proportion of dual citizens and visitors (temporary or permanent residents) among the 
respondents. To test for benefits of internationalisation of the workforce in enlarging the 
collaboration base we therefore assumed differences between those with Australian 
citizenship only and all other respondents: 
 
Hypothesis 1.3 Holders of international citizenship(s) have significantly higher numbers of 
research collaborations than holders of Australian citizenship only. 
Hypothesis 1.4 Holders of international citizenship(s) have significantly higher numbers of 
cross-disciplinary research collaborations than holders of Australian citizenship only 
 
The second and third hypotheses relate to accumulated research career experience. The length 
of professional careers in science and research is a direct indicator of the opportunities to 
build the networks through which social capital can be augmented (Dietz and Bozeman 2005; 
Lee and Bozeman 2005). The greater the accumulated experience and networks embodied by 
a particular researcher, the greater the opportunities to participate in research collaborations. 
We calculated years of work experience from the date of being awarded the PhD (or other 
highest qualification). Van Rijnsoever and Hessels (2011) found that over a full career the 
number of collaborations produces an inverted U-shaped curve, as has also been observed in 
scientific publishing productivity patterns (Levin and Stephan 1991). It should be noted that 
none of this evidence relates primarily to the social sciences. Nevertheless, we test: 
 
Hypothesis 2.1 An inverted U-shaped relationship exists between years of work experience 
and the number of research collaborations. 
Hypothesis 2.2 An inverted U-shaped relationship exists between years of work experience 
and the number of cross-disciplinary research collaborations. 
 
Work experience can also be assessed according to the variety and number of prior positions. 
Dietz and Bozeman (2005) explored the diversity of career experience, particularly through 
employment in industry (Lin and Bozeman 2006), finding some evidence of a link between 
diverse career structures and increased productivity in patenting and, to a lesser extent, 
publications. Van Rijnsoever and Hessels (2011) found a positive relationship between the 
number of previous employers and numbers of disciplinary and interdisciplinary 
collaborations. Our previous studies of research careers in Asia-Pacific had strongly indicated 
that geographic mobility is an important building block of international research 
collaborations (Turpin et al 2010; Woolley et al 2008). We thus also anticipate a link between 
international work experience and higher numbers of research collaborations. We therefore 
test: 
 
Hypothesis 3.1 A positive relationship exists between the number of previous jobs and 
number of research collaborations. 
Hypothesis 3.2 A positive relationship exists between the number of previous jobs and the 
number of cross-disciplinary research collaborations. 
 
Van Rijnsoever and colleagues (2008) introduced an interesting variable for investigating 
research collaboration, dynamics of the scientific field, which we replicate here. They found 
this variable was linked to professional networking activity at multiple levels of organisation. 
Van Rijnsoever and Hessels (2011) found a positive relationship between dynamics of the 
scientific field and disciplinary collaboration, but not for interdisciplinary collaboration. 
Nevertheless, we still expect a positive relationship between dynamics of the scientific field 
and both research collaboration and interdisciplinary research collaboration. The dynamics of 
a scientific field may be endogenous, for example, in terms of discoveries, changes in 
theories, methods or equipment (Kuhn 1970), and/or they may be exogenous, in terms of 
public research funding priorities (Whitley et al. 2010), pressing societal problems or 
demands for innovation, for example. These last two exogenous forces can also be considered 
as governing ‘logics’ driving normative claims for the benefits of interdisciplinary research 
which underpin publicly funded support measures (Barry et al 2008). We therefore test: 
 
Hypothesis 4.1 A positive relationship exists between dynamics of the scientific field and 
numbers of research collaborations. 
Hypothesis 4.2 A positive relationship exists between dynamics of the scientific field and 
numbers of cross-disciplinary research collaborations. 
 
The relationship between applied research and interdisciplinarity is both supported (Carayol 
and Thi 2005; van Rijnsoever and Hessels 2011) and questioned (Schummer 2004) in the 
literature. Scientific disciplines include within themselves varying orientations toward 
creating, using or diffusing scientific knowledge (Becher and Towler 2001). The orientation 
of individual researchers toward knowledge creation or application will vary, and may also 
impact on their propensity to become involved in interdisciplinary research. Hagstrom (1965) 
argued that applied research was inherently more interdisciplinary. However, very little is 
known either about the orientation of social science researchers in terms of conducting basic 
or applied research, or about how this might intersect with cross-disciplinarity (Porter et al. 
2007; Porter and Rafols 2009). However, it seems likely that the type of research activity 
(OECD 2002) that a social scientist is predominantly oriented toward will influence the level 
of their involvement in cross-disciplinary collaboration. For this reason we test: 
 
Hypothesis 5.1 A positive relationship exists between researcher orientation toward applied 
research and numbers of research collaborations. 
Hypothesis 5.2 A positive relationship exists between researcher orientation toward applied 
research and numbers of cross-disciplinary research collaborations. 
 
3. Methodology 
 
3.1 Data collection 
 
The data used here are from a survey of Australian-based social scientists. We sampled 
publications included in the ISI Web of Science Social Science Citation Index (SSCI) that 
included at least one Australian-based author, for the period January 2008 to March 2011. We 
sampled from a variety of SSCI subject areas
5
, in quantities equivalent to their contribution to 
the total number. We were not using co-authorship of articles within this sample as an 
indicator of research collaboration (Laudel 2002) and sole authored papers were included. The 
email addresses of Australian-based authors were subsequently harvested to form the sample 
for the survey. The strategy of recruiting a sample of potential respondents using paper 
authorships from the SSCI was twofold. First, we wanted to recruit social scientists who are 
‘active researchers’ in the very limited evaluation sense of producing countable research 
outputs – in this case scientific publications. Second, we hoped to recruit social scientists (and 
their collaborators) working in different organization types, reasoning that cross-disciplinary 
research outputs in Australia may also be linked to applied research and/or programs 
supporting the cross-sectoral organization of research collaboration (Turpin et al 2011).  
 
The survey was conducted online, with participants gaining access to the questionnaire via a 
link sent to their email address. The email contained a description of the survey and the 
research team, with the link taking participants to an introduction page that included further 
information including ethics approval number.
6
 Online surveys have been to have some 
advantages, including gaining access to the study population (Roztocki, 2001) and higher 
efficiency (by number of surveys) and speed of response (Flaherty et al., 1998; Roztocki, 
2001; Sheehan, 2001). However, disadvantages include the difficulty to determinate the 
response rate (Fricker et al., 2005). This difficulty results from ascertaining non-response, 
which of course remains one of biggest problems presented in the administration of all 
surveys.  
 
3.2 Respondents 
 
From an initial list of 5,200 e-mail targets, a total of 4,224 e-mail addressees were 
contactable, with undeliverable (836) and auto-reply absentee messages (159) being excluded. 
A total of 698 responses were received, representing a response rate of 17%. Two emails were 
sent out to as ‘reminders’, at intervals of eight days. Some authors suggest that the reminder 
in online surveys can affect both the response rate and its quality (Sánchez Fernández et al., 
2009). In fact, responses received following reminders constitute a representative sample of 
non-respondents to previous invitations (Díaz de Rada, 2005). To avoid problems arising 
from non-response, we used responses to the main variables from the two reminders as a 
sample of non-respondents to check if there are differences between groups. If statistically 
significant differences between respondents and non-respondents did not exist we could 
consider our respondents as a representative sample of our population.  
 
Of the 698 responses, 84 containing significant missing values and 16 which could not be 
assigned to either initial or reminder groups for technical reasons were not taken into account 
in testing for non-response problems. Excluding these, there were 361 respondents to the 
initial invitation, 159 to the second (first reminder) and 78 to the third (second reminder). The 
main variables were number of research collaborations and number of cross-disciplinary 
research collaborations. Due to the lack of normality of the two variables, we performed a 
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non-parametric statistical test to check differences between the groups. In this case, we used 
U-Mann Whitney test (Wilcoxon, 1945), which utilises the mean ranks instead of comparing 
means and is thus more sensitive to outliers. Neither variable has significant differences 
(Table 1), indicating the responses of those who answered the survey at the first invitation and 
those who answered later are the same and we have avoided problems of non-response. For 
the remaining analyses we considered all the responses as a representative sample of our 
population. 
 
 
TABLE 1 ABOUT HERE 
 
 
3.3 Measurement 
 
Our models include several continuous variables that are asymmetric due to the existence of a 
higher number of low values, which can skew the outputs of the analysis. For ‘years of 
experience’ and ‘number of previous jobs’ (Australian universities, foreign universities, firms, 
government departments and other relevant institutions) we used Kolmogorov-Smirnov test to 
determine whether their distributions match a normal distribution. To solve the absence of 
normality found, we applied a logarithmic transformation
7
 to these variables. To prove the 
existence of an inverted U-shape (following other authors), we create a new variable as the 
square of years of work experience. As in the previous case, we applied the logarithmic 
transformation to this variable. To facilitate the interpretation of the results in the bivariate 
analysis, the variables associated with years of experience have been recoded into two 
categories, using the median of each variable as cut-off (because none follows a normal 
distribution). 
 
A measure of the internationalization of the social science work force was developed using 
citizenship information. Applicants were asked to nominate whether they were Australian 
citizens, held multiple citizenships including Australian, or were temporary or permanent 
residents in Australia. In our regression analyses we test whether there are significant 
differences between those who Australian citizenship only and the rest of the respondents. In 
this study we cannot control for normal processes of ‘scientific mobility’ (Mahroum 2000) in 
relation to international experience and collaboration opportunities. We therefore assume the 
same level of scientific mobility across citizenship and residency categories in our data. 
Positive values in regression results are considered attributable to linguistic and cultural 
connections, non-restrictive citizenship policies and migration benefits, and not to differential 
international mobility within science careers. Negative values could be attributed to lags due 
to socio-cultural integration or different professional norms, for example. Also in relation to 
international experience we asked respondents to specify the number of jobs they had 
undertaken outside Australia, whether working for Australian organizations overseas or for 
foreign organizations. In our model we test the significance of the number of jobs held in 
foreign universities. 
 
In terms of career experience and stage, we measured two alternatives, years of experience 
and academic rank of university employees. We tested the correlation between seniority by 
rank and experience by numbers of years. These two were highly correlated so only one could 
be included in our models. Years of experience seemed the better alternative, from the 
perspective that a significant group of respondents (15%) were currently employed outside 
universities, and was included. However, we did utilize means for academic rank in 
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of scientific careers (Gläser and Laudel 2007, 2008), and may therefore impact on 
opportunities for research collaboration. To try and ensure only significant job changes within 
an organisation were included we specified this in the questionnaire, using the example of 
promotion to a higher level in contrast to a contract renewal as a guide.  
 
Two variables were used to take into account the context and orientation of respondents’ 
research activity as a base for collaborative work. We measured the degree of dynamism of 
the scientific field using a five-point Likert scale, which we converted into a dichotomous 
variable in our model. We measured research orientation using a seven-point Likert scale with 
‘pure basic research’ at one end, ‘applied research’ at the opposite end, and ‘strategic basic 
research’ in the middle. We converted the results into a variable with three ordinal categories 
in our model. Other studies have used a simple dichotomy between basic and applied 
disciplines to measure this variable (van Rijnsoever and Hessels 2011). We chose to use a 
continuous scale allowing respondents to self-report on their research orientation, rather than 
assigning a value on the basis of their discipline. This reflects the diversity of types of 
research activity within disciplines (Becher and Trowler 2001). Once again self-evaluation in 
terms of this scale is familiar to Australian researchers. 
 
The questionnaire also asked about public support measures, in this case sources of research 
funding. Participants were asked to nominate their main funding source for their research 
collaborations, from a comprehensive list of public and private sources. These results were 
categorized into a dichotomous variable comparing the major source of national competitive 
research grants, the Australian Research Council (ARC), to all other sources in our model. 
The ARC encourages interdisciplinary research applications within the national competitive 
grants program it administers. However, research suggests interdisciplinary research 
applications encounter negative discrimination in evaluation processes (Laudel and Origgi 
2006). This variable was included in our model to control for differential access to support 
from the ARC for interdisciplinary research. As we have respondents from different 
organization types, we included a dummy variable to distinguish between employment in 
higher education and other sectors. 
 
An analysis of the extent of ‘disciplinary disparity’ between participants and their most 
important cross-disciplinary collaborator was also conducted. The term disparity is drawn 
from economics via science and technology policy where it is one property of calculations of 
diversity (Stirling 2007). Bibliometric studies, for example, use disparity in calculations of the 
degree of diversity of a body of knowledge (Rafols et al. 2012). Disparity refers to the degree 
of distinctiveness between categories (Rafols et al. 2012: 10), in our case, an assumed 
(cognitive) distance between fields of research. To measure this distance we asked 
participants’ who reported being involved in cross-disciplinary research to nominate their 
main Fields of Research (FoR) using Australian and New Zealand Standard Research 
Classification (ANZSRC) code, along with that of their main cross-disciplinary collaborator.
8
 
This has the advantage of capturing the focal fields of a researcher-collaborator pair, 
producing different information to analyses based on the subject categories of databases or the 
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keywords or other substantive identifiers contained in papers, for example. We have 
comparative data at the two-digit major field and four-digit field levels, which we 
subsequently condensed into the Frascati six main fields of science technology using 
correspondence tables developed by the Australian Bureau of Statistics (ABS 2009).
9
 Our 
simple descriptive indicator of disciplinary disparity is thus whether the major cross-
disciplinary collaborator of a social scientist is located inside or outside the social sciences. 
We did a bi-variate analysis using Z-test for the comparison between proportions to determine 
if there was a statistical difference between levels of relatively disparate and proximate cross-
disciplinary collaboration. 
 
4. Analysis and results 
 
Descriptive statistics for the variables are shown in Table 2. The average age of the 
respondents was 49. A small majority (52.9%) were male. A total of 61.5% of the respondents 
held Australian citizenship only, whilst 26.9% had dual or multiple citizenships including 
Australia. The remaining 11.6% were temporarily or permanently resident in Australia. A 
total of 92.7% of the respondents (n=673) said they had research collaborations. A total of 
78.4% (n=639) said they had cross-disciplinary research collaborations. The table shows that 
cross-disciplinary collaborations account for a substantial proportion of all collaborations. 
The vast majority of the respondents are working in the Higher Education sector.  
 
Prior to our regression analysis we checked if there were differences in numbers of research 
collaborations according to the characteristics of the respondents. Due to the absence of 
normality in these variables we used a non-parametric test, specifically U-Mann Whitney. 
Table 3 shows the differences in numbers of collaborations according to researchers’ personal 
and research career characteristics. Males have larger numbers of collaborations than females, 
although the result is not significant, but there is no difference in numbers of cross-
disciplinary collaborations. Researchers with dual or multiple citizenships have a larger 
number of research collaborations than those with Australian citizenship only (as do 
foreigners resident in Australia), although this difference is reduced for cross-disciplinary 
collaborations. Length of career and the number of previous university jobs are important 
indicators of increased collaboration and cross-disciplinary collaboration. Researchers who 
perceive they work in a dynamic field are more likely to collaborate, whilst the more applied 
the research the greater the propensity to collaborate. Interestingly, respondents mainly 
funded by the Australian Research Council report more collaborations than those mainly 
funded from other sources, but this is reversed in the case of cross-disciplinary collaboration – 
although neither result is significant. 
 
 
TABLE 2 & TABLE 3 ABOUT HERE 
 
 
4.1 Findings for statistical tests of hypotheses 
 
Table 4 shows results for a negative binomial regression. As mentioned above, the dependent 
variables in this case are count variables. Attention has been drawn to risks associated with 
traditional statistical methods, such as linear regression, analysis of variance or correlations, 
to analyze such variables (McCullagh, 1980). The reference model for count data is the 
Poisson regression, nevertheless, the equidispersion assumption is rarely met. We used the 
variation coefficient to measure the assumption of equidispersion (Lindsey, 1995). Both the 
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 We transferred around 5% of cases, including 27 from other fields into the social sciences and 1 from the 
humanities to medical sciences. 
number of research collaborations and cross-disciplinary research collaborations coefficients 
are more than 1 indicating the existence of overdispersion. As others have done (Bozeman 
and Gaughan 2011), we estimated the econometric specifications outlined using a negative 
binomial model, which better captures the nature of the dependent variables analyzed 
(Cameron and Trivedi, 1998).  
 
The table shows four regressions, columns (1) and (2) for research collaboration and columns 
(3) and (4) for cross-disciplinary research collaboration. The first and third columns show the 
results for the linear model and columns two and four show results for the quadratic model 
when we include the variable for number of years squared. 
 
 
TABLE 4 ABOUT HERE 
 
 
The computed value of the chi-squares test is significant, suggesting the models explain our 
data well. The low correlations among independent variables are a symptom of the absence of 
multi co-linearity problems (see Appendix A for correlation matrix). Only the relation 
between employment and years of work experience show values higher than 0.3. As described 
above, we included years of work experience in our models due to the inclusion of 
respondents working outside higher education. The theta parameter shown is the dispersion 
parameter and appears to be acceptably low.
10
  
 
In line with recent studies (Bozeman and Gaughan 2011; van Rijnsoever and Hessels 2011), 
gender was tested as a factor affecting the propensity to collaborate. The results show that 
female researchers have significantly less research collaborations than males, meaning 
hypothesis 1.1 is rejected. In contrast, there is no significant difference between women and 
men in terms of propensity to collaborate across disciplines, meaning hypothesis 1.2 is 
supported. It is worth noting that the sign of the coefficient switches between total 
collaborations and cross-disciplinary collaborations, in line with findings that women are 
more inclined toward cross-disciplinary collaboration (Rhoten and Pfirman 2007, van 
Rijnsoever and Hessels 2011).  
 
Also in relation to researcher characteristics, international citizenship is an important variable, 
particularly in the cross-disciplinary collaboration model. The relationship between 
international citizenship and total number of collaborations is positive and significant in the 
linear model. However, it is not significant when we include years of experience squared in 
the quadratic model, meaning hypothesis 1.3 is partly supported. The relationship between 
numbers of cross-disciplinary collaborations and international citizenship is positive and 
significant in both models, so hypothesis 1.4 is supported. It is worth noting that multiple 
citizenship, particularly if coupled with dual organisational affiliation, may also provide 
access to addition support measures for research collaboration not just to additional potential 
collaboration partners. The relatively strong result for cross-disciplinary collaboration 
intuitively suggests our prediction of the significance of internationalisation in enlarging 
collaboration opportunities is correct. Cross-disciplinary collaboration is presumably less 
dependent on connections within disciplinary communities, so it may be that cultural and 
personal connections contribute to additional opportunities for professional collaboration. 
 
Years of work experience is an important variable in both the research collaboration and 
cross-disciplinary collaboration models. In the linear model, the variable ´years of work´ has a 
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 Note that R parameterizes this differently from SAS, Stata, and SPSS. The R parameter (theta) is equal to the 
inverse of the dispersion parameter (alpha) estimated in these other software packages. 
positive and significant effect on the number of collaborations and cross-disciplinary 
collaborations. However, in the quadratic model the sign changes to negative and the squared 
variable is positive and significant. Hypotheses 2.1 and 2.2 can be discarded as the inverted 
U-shaped relationship predicted is absent. In fact our results imply a J-shaped relationship 
(Zhou and Wu 2011) between years of experience and both total numbers of collaborations 
and cross-disciplinary collaborations. To illustrate this result, Figure 1 shows the relationship 
between years of work experience squared and numbers of research collaborations. The 
vertical lines added to the figure represent the median years of experience at different 
academic ranks. Interestingly, numbers of cross-disciplinary research collaborations start to 
separate from total collaborations around the median for faculty (lecturer) level and the two 
lines are clearly distinct by the Professor level. These results suggest that collaboration 
activity is relatively low and may even decline slightly early in social science careers. 
However, as careers progress participation in research collaborations, including cross-
disciplinary collaboration, increases and tends to do so for the remainder of the career. 
 
 
FIGURE 1 ABOUT HERE 
 
 
Also with regard to accumulated career experience, the relationships between numbers of 
previous jobs and research collaborations and cross-disciplinary collaborations were 
confirmed for foreign universities. Experience working in international organisations provides 
the opportunity to build professional and personal relationships which can have a subsequent 
benefit for collaboration opportunities. A positive relationship also exists between numbers of 
research collaborations and numbers of Australian university jobs, but interestingly not for 
cross-disciplinary collaboration in the quadratic model. No significant relationships were 
found for other employer organization types. Hypotheses 3.1 and 3.2 can be considered as 
partly supported. 
 
A positive and significant relationship exists between perceiving your research field to be 
dynamic and numbers of cross-disciplinary research collaborations in the linear model, but it 
is not significant when years of experience squared is included. No relationship is found 
between dynamics of the field and numbers of collaborations overall. Thus hypothesis 4.1 can 
be discarded, while hypothesis 4.2 is partly supported. Interestingly, this result is different to 
van Rijnsoever and Hessels (2011), who found no relationship between dynamics of the 
scientific field and interdisciplinarity. It may be that this is related to the different mix of 
disciplines found in the two studies, or perhaps to the fact that in our sample respondents were 
overall more inclined to perceive their field as dynamic than in their case study of a 
Netherlands university.  
 
Respondents’ research orientation is an important variable in both models. A positive and 
significant relationship exists between a focus on applied research and numbers of 
collaborations and cross-disciplinary collaborations. Neither hypothesis 5.1 nor hypothesis 5.2 
is rejected. This result appears consistent with the findings of van Rijnsoever and Hessels 
(2011) that ‘strategic’ disciplines are related to interdisciplinarity but ‘basic’ disciplines are 
not. 
 
Of the other control variables, although there is no significant relationship between 
collaboration and the source of research funding, it is worth noting that the sign of the 
coefficient switches from positive for total collaborations to negative for cross-disciplinary 
collaborations. This tends to suggest that support measures for interdisciplinary research 
through ARC funding programs may not be finding their target when it comes to the social 
sciences. 
 
4.2 Findings for test of disciplinary disparity 
 
An innovative aspect of this research was to develop an indicator and test of the ‘disparity’ 
between cross-disciplinary collaborators. Our measure of ‘disparity’ is simply whether or not 
the main scientific research field of each respondent is the same, or different, from that of 
their most important cross-disciplinary collaborator. The results provide an indication of 
whether social scientists tend to cross major disciplinary boundaries in collaboration, 
collaborate across social science fields, or stay within their own field. In this latter case it 
becomes more likely that these are collaborations between specializations or sub-fields 
(Leahey and Reikowsky 2008). 
 
We first analysed respondent-collaborator pair data at the level of the Frascati (six) major 
fields of science (a collaboration matrix is included at Appendix B). A first point worth noting 
is that 62.1% (n=332) of respondents’ main field of research was within the social sciences, 
with 12.9% in natural and physical sciences, 10.1% in humanities and 8.4% in medical 
sciences. This provides an interesting indicator of cross-disciplinarity in itself – a substantial 
proportion of Australian-based authors publishing in the SSCI are from non-social science 
fields of research.
11
 It is possible they are publishing in the disciplinary journals of their social 
science collaborators or in interdisciplinary journals.  
 
To analyse disciplinary disparity we excluded those respondents whose main field of research 
was not social science. Approximately two-thirds of the social scientist group (64.8%) had a 
most important cross-disciplinary collaborator who is also a social scientist; 43.1% in the 
same social science field and 21.7% in a different social science field. There is thus a degree 
of disciplinary disparity evident in within-social science collaborations. However, our main 
descriptive result is that 35.2% of respondent-collaborator relationships show ‘disciplinary 
disparity’ at the level of major fields of science (Appendix B, Column 5).  
 
The largest groups of collaborators from other fields were in natural sciences and medical 
sciences (10.5% each). To test this result we compared the proportion of collaborations with 
other social scientists against the proportion with collaborators from each of the other major 
fields. The proportion of collaborations within the social sciences was significantly greater 
than those with each of the other fields of science.
12
 The majority of social scientists’ cross-
disciplinary collaborations are thus with collaborators in relatively proximate disciplines. 
Nevertheless, substantial numbers of social science researchers do cross frontiers between 
broad fields of science in order to collaborate. 
 
5. Limitations and further research 
 
The study has some limitations that should be pointed out. First, the sampling procedure could 
not expected to capture a representative sample of Australian-based social scientists as the 
frame was limited to publishing social scientists – and then to those publishing in journals 
indexed in the SSCI. Second, the response rate was quite low, although it was at least 
comparable to other recent studies of collaboration (van Rijnsoever and Hessels 2011) which 
were able to produce robust results. If we were to venture an explanation for not achieving 
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 It should be recalled that only Australian-based email addresses were retained from the initial harvesting of all 
paper authors. The effect on the overall proportion of respondents whose main research field is outside the social 
sciences if international co-authors had also been included in the survey is unknown. 
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 Not including Agricultural Sciences for which there were insufficient cases. 
our target response rate (25%) for the online survey it would be largely due to research 
fatigue. Two other surveys targeting Australian social scientists sent out invitations just prior 
to our planned launch data, such that we delayed our own survey for a number of weeks.
13
 
Without these surveys, which targeted the same researcher base, it is likely the response rate 
would have been higher. Nevertheless, our tests of the respondent groups suggested we 
avoided problems of non-response and results of our study are therefore likely to be quite 
robust within the limits of its initial design. However, care must be taken in generalizing from 
these results.  
 
Third, the Australian system has its own specificities that do not necessarily translate across, 
or provide generalizations relevant to other systems. The use of the term cross-disciplinarity 
reflects local practices, but retains the same essential meaning as interdisciplinarity. Similarly, 
findings regarding the internationalization of the social science work force may not be 
entirely relevant to countries with different citizenship rules for example. Finally, the major 
limitation of our methodological approach is that the substantive characteristics of cross-
disciplinary interactions remain masked. The extent to which such collaborations involve the 
bringing together of complementary skills for discrete tasks or the forging of hybrid cognitive 
approaches, for example, remains a topic for future research. 
 
The evidence of this study suggests that social scientists do collaborate across disciplinary 
frontiers, including reaching beyond the social sciences. However, the patterns and extent of 
established cross-disciplinary collaborations involving the social sciences have received 
minimal attention to date (Morillo et al. 2003). The strong relationship between cross-
disciplinary collaboration and applied research orientation in our results suggests an 
underlying problem-solving orientation. The extent of extra-social science collaboration 
suggests the mobilization of quite varied human capital, from various disciplines, in this 
process. However, the extent to which such established collaborations have led to disciplinary 
complementarities that co-evolve through applied research practice is unclear.
14
 Apparent 
here is an opportunity for studies of the historicity of social science interdisciplinarity and its 
evolution. The clear identification of already-existing strengths in social science cross-
disciplinarity could have significant policy benefits in the medium-term.  
 
The findings regarding internationalisation in this study are quite pronounced, for both 
citizenship and experience in foreign universities. The results suggest, first, that broad-based 
population policies may be able to have an effect on the extent of research collaboration and 
interdisciplinarity. As others have suggested (Hart 2006; Williams 2007), it is probably time 
to think more clearly about migration from knowledge capital and innovation systems 
perspectives. Second, specific measures that encourage incoming researchers, such as low 
bureaucratic threshold and access to health care, are also likely to be playing a role. Our 
results suggest Australia is benefiting significantly from incoming social science researchers; 
current policies may be on the right track. Third, support measures for outgoing researchers to 
acquire experience in foreign institutions are likely to be providing benefits and perhaps could 
be expanded. To further develop understanding of these issues, international cooperative and 
comparative studies, of the way interdisciplinary collaborations are forged across national and 
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 The first survey focused on the use of social science research for policy development and program review and 
was conducted by respected academic colleagues. The other focused on collaboration between researchers and 
the Australian Public Service and was conducted by the Australian Department of Innovation, Industry, Science 
and Research (DIISR). The authors were alerted to this unfortunate timing when they received invitations to 
participate in these surveys themselves. 
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 An example of a long-standing cross-disciplinary collaborative structure is that between the social sciences, 
particularly psychology and sociology, and the medical and health sciences in developing public health 
approaches at population levels. 
innovations systems frontiers, and/or by highly skilled migrants, may well develop policy 
relevant knowledge in the future. 
 
An interesting result was the nature of the relationship between years of research experience 
and numbers of cross-collaborations. As in other studies (van Rijnsoever et al 2008; van 
Rijnsoever and Hessels 2011), this relationship was positive and significant. However, the 
shape of the relationship did not conform to the inverted U-shape that was expected, rather a 
shallow J-shaped curve was found. Cronin and Overfelt (1994, p.71) also found a J-shaped 
relationship between citation counts and academic salary levels. In our case, a plausible 
explanation could be that social science researchers’ career structure involves an intensive 
early phase of research in which establishing scientific credibility in their field is of 
paramount importance and diversity of collaborations is limited as a consequence. This 
explanation would seem to fit quite well with the description by Gläser and Laudel (2008) of 
the transition from academic apprentice to a respected colleague. In subsequent career phases, 
with independent credibility established, the number of collaborations and cross-disciplinary 
collaborations increases steadily. Our result could also be a methodological artifact; future 
research on this topic is required both to answer the substantive question but also to validate 
different methodological approaches. 
 
In common with other studies (Rhoten and Pfirman 2007; van Rijnsoever and Hessels 2011), 
our results suggest women are more involved in cross-disciplinary collaborations than in 
collaboration overall. The reasons for this in the Australian context are unclear. Do women 
focus their energy in cross-disciplinary collaboration linked to applied research? The answer 
to this is likely to be linked to career progression and rank in the social sciences (Bozeman 
and Corley 2004; Bozeman and Gaughan 2011; Fox 2011). We know women are under-
represented in higher level academic positions in Australia overall, however, exploration of 
gender careers and collaborations in the social sciences seems another important area for 
further research. 
 
6. Conclusions 
 
The study investigated factors contributing to collaboration and cross-disciplinary 
collaboration in the social sciences. It also analysed the disciplinary disparity of social 
scientists’ interdisciplinary collaborations. Our expectations, based on a relatively limited 
literature on social science collaboration, were that accumulated career experience would be a 
significant factor in participation in collaboration and cross-disciplinary collaboration. Our 
results confirmed this expectation. Population data and our previous research on research 
careers in the Asia-Pacific region had strongly indicated that migration and mobility play 
important roles in the structuring of international scientific networks and collaborations. Our 
expectations were thus that international connections and experience would expand the 
opportunities for collaboration and, hence, numbers of collaborations. Our results confirmed 
these expectations also. These findings suggest that a degree of cosmopolitanism may have 
benefits for research collaboration in the social sciences. 
 
A relationship between an applied research orientation and cross-disciplinarity was expected 
and was confirmed by our results. These were the most pronounced findings in our statistical 
analysis. However, other results included support for an earlier finding, by van Rijnsoever and 
Hessels (2011), regarding increased collaborations in dynamic scientific fields. Rather more 
mixed results were produced regarding women and collaboration. We found female social 
scientists had significantly less total collaborations than males, however this difference 
disappeared in relation to cross-disciplinary collaboration, as other studies would suggest 
(Rhoten and Pfirman 2007). 
 The analysis of the disciplinary disparity of collaborations produced some original and 
interesting results. Approximately two-thirds of social scientists’ cross-disciplinary 
collaborators come from within the social sciences. Analysis of proportions of collaborators 
located inside and outside the social sciences suggests that the core of social science cross-
disciplinarity remains internal. Nevertheless, a substantial proportion of researcher-
collaborator pairs were found to cross broad field of science thresholds, indicating 
considerable disciplinary disparity between the collaborating partners. It was somewhat 
surprising to find more of these relatively disparate collaborators in both natural sciences and 
medical sciences than in the humanities.  
 
The main contribution of this paper was to point out a number of characteristics, of 
researchers and of research careers, which contribute to increased research collaboration and 
cross-disciplinary research collaboration. The paper has also provided robust evidence of the 
considerable involvement of social scientists in collaboration and cross-disciplinary 
collaboration. Further, it produced innovative information about the extent to which this 
involvement crosses major disciplinary boundaries. These contributions point toward three 
main policy implications. First, measures that support international mobility and engagement 
of social scientists will produce benefits in collaboration and interdisciplinarity. Importantly 
such policies will have benefits for social scientists in multiple national systems, potentially 
leading to mutually reinforcing cycles of mobility, collaboration and interdisciplinarity. 
Second, there appears to be a strong nexus between collaboration, applied research and the 
cross-disciplinarity in the social sciences. Strategies aiming to expand these activities may 
need to include both incentives for new collaborations and measures supporting the transition 
of established collaborators to new topics of policy importance. Third, the significance of 
experience in our results suggests appropriate support measures should be available across the 
length of research careers. The results described in this paper will form the basis for further 
analyses relevant to policies addressed to collaboration and interdisciplinary. Both 
productivity and motivations data were also collected in the questionnaire; future research 
will examine whether the factors highlighted here influence either the productivity or the 
collaboration strategies of social scientists. 
 
 
Table 1 
Differences between respondents to first and subsequent invitations 
 
Variable First invitation 
 
Reminders U-Mann Whitney Z 
(p-value) 
Mean (S.D.) Mean (S.D.) 
Number of research 
collaborations 
5.98 (5,75) 5.64 (5,59) -1.205 (0,228) 
Number of cross-
disciplinary research 
collaborations 
3.44 (4,20) 3.44 (4,38) -0.197 (0,844) 
 
 
 
Table 2 
Descriptive statistics 
 
Mean (S.D.) Min. Median Max. n
Dependent variables
Research collaborations 5.41 (5.75) 0 4 30 685
Cross-disciplinary research collaborations 3.25 (4.44) 0 2 30 674
Independent variables
Gender 694
Citizenship 696
Employment 671
Years of work experience 13.1 (11.5) 0 11 53 688
Previous Australian universities 3.5 (2.5) 0 3 21 698
Previous foreign universities 1.3 (1.5) 0 1 9 698
Previous firms 1.6 (2.2) 0 1 15 698
Previous goverment departments or research 
organizations 1.8 (2.4) 0 1 21 698
Previous other relevant institutions 1.0 (1.5) 0 1 21 698
Dynamics of the scientific field 4.1 (0.8) 1 4 5 635
Research orientation 4.85 (1.7) 1 5 7 625
Funds 565Australian Research Council --> 45,5%
Male --> 52,9%
Australian only --> 61,5%           Dual or Multi-->26,9%
Higher education --> 84,6%
 
 
 
 
Table 3 
Numbers of research collaboration 
 
Research 
collaborations
Cross-disciplinary 
research collaborations
Gender
Male 5.98 3.31
Female 4.76 3.18
P-value n.s. n.s.
Citizenship
Resident 5.91 3.90
Australian citizenship 4.91 2.81
Dual or multi citizenship 6.37 3.98
P-value p=0.04 n.s.
Employment
Other 5.12 3.30
Higher education 5.73 3.40
P-value n.s. n.s.
Years of work experience
<=11 3.92 2.42
>11 7.05 4.19
P-value p<0.01 p<0.01
Number of previous Australian universities
<=3 4.85 2.97
>3 6.24 3.68
P-value p<0.01 p<0.01
Number of previous foreign universities
<=1 4.61 2.78
>1 6.93 4.14
P-value p<0.01 p<0.01
Number of previous firms
<=1 5.18 3.09
>1 5.83 3.54
P-value n.s. n.s.
Number of previous governamental institutions
<=1 5.21 2.96
>1 5.67 3.63
P-value p<0.01 p<0.01
<=1 5.43 3.16
>1 5.36 3.53
P-value n.s. n.s.
Dynamics of the scientific field
No 4.66 2.39
Yes 6.17 3.79
P-value p<0.01 p<0.01
Research orientation
Pure basic research 4.68 2.54
Strategic basic research 5.71 3.36
Applied research 6.62 4.12
P-value p<0.01 p=0.01
Funds
Aust. Research Council 6.43 3.64
Others 6.04 4.02
P-value n.s. n.s.
Number of previous other relevant institutes
 
Table 4 
Negative binomial models for numbers of collaborations 
 
(1) (2) (3) (4)
Personal Characteristics
    Gender [Female] -0,180** (0,071) -0,150** (0,070) 0,018 (0,096) 0,052 (0,096)
    Citizenship [International] 0,124* (0,075) 0,112 (0,074) 0,276*** (0,006) 0,266*** (0,101)
Research Career characteristics
    Years (ln) 0,121*** (0,042) -2,658*** (0,641) 0,169*** (0,056) -2,140** (0,843)
    Years squared (ln) 1,363*** (0,314) 1,134*** (0,414)
    Previous Australian university jobs  (ln) 0,233*** (0,072) 0,181** (0,072) 0,185* (0,096) 0,120 (0,097)
    Previous foreign university jobs (ln) 0,226*** (0,064) 0,199*** (0,064) 0,167** (0,086) 0,138* (0,086)
    Previous jobs in firms (ln) -0,030 (0,053) -0,007 (0,052) 0,034 (0,071) 0,059 (0,071)
    Previous government department or                                   
research organization jobs (ln)
0,031 (0,055) 0,022 (0,054) 0,083 (0,074) 0,073 (0,073)
    Previous other relevant institution jobs (ln) -0,054 (0,066) 0,001 (0,066) 0,006 (0,088) 0,040 (0,089)
Control variables
    Employment[Higher education] -0,183 (0,127) 0,102 (0,140) -0,291* (0,171) -0,069 (0,186)
    Dynamics of the scientific field 0,157 (0,098) 0,123 (0,098) 0,258* (0,135) 0,215 (0,135)
    Research orientation[Strategic research] 0,111 (0,117) 0,119 (0,115) 0,152 (0,161) 0,174 (0,161)
    Research orientation[Applied research] 0,310*** (0,120) 0,319*** (0,118) 0,411** (0,165) 0,428*** (0,164)
    Resarch funds [Other] -0,040 (0,071) -0,032 (0,070) 0,076 (0,096) 0,074 (0,096)
Intercept 0,811*** (0,226) 0,954*** (0,209) -0,229 (0,306) -0,064 (0,307)
Number of observations
Chi-squared 813.66*** 828.50*** 569,83*** 576,97***
Thetha 2,389 (0,197) 2,493 (0,210) 1,290 (0,113) 1,320 (0,117)
Pseudo R
2
0,78 0,78 0,66 0,67
Research collaboration Cross-disciplinary Research collaboration
538 527
 
*** Significant at 0.01 level. ** Significant at 0.05 level. * Significant at 0.1 level.  
 
Figure 1 
Years of experience and numbers of collaborations 
 
 
 
Appendix A  
 
Correlation matrix 
 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
1. Gender 1
2. Citizenship -0.126*** 1
3. Years (ln) -0.044 0.101*** 1
4. Previous Australian University (ln) 0.124*** -0.100*** 0.377*** 1
5. Previous foreign universities (ln) -0.209*** 0.365*** 0.210*** 0.057 1
6. Previous firms (ln) -0.099*** 0.003 0.008 0.142*** 0.224*** 1
7. Previous government departments or 
research organizations (ln)
-0.032 -0.100*** -0.097** 0.037 0.106*** 0.231*** 1
8. Previous other relevant institutions (ln) 0.016 -0.006 -0.021 0.097*** 0.111*** 0.260*** 0.371*** 1
9. Employment 0.06 0.061 0.625*** 0.181*** 0.058 -0.089** -0.225*** -0.147*** 1
10. Dynamics of the scientific field 0.078 0.047 0.058 -0.04 0.048 -0.019 0.018 0.001 0.06 1
11. Research orientation 0.105*** -0.041 -0.102** -0.053 -0.064 0.007 0.172*** 0.091** -0.119*** 0.138*** 1
12. Funds 0.037 -0.055 -0.275*** -0.101** -0.017 0.07 0.093** 0.104** -0.272*** -0.028 0.212***  
***p<0.01; **p<0.05. Significant correlations in bold 
 
 
 
 
Appendix B  
 
Researcher –Collaborator cross-disciplinary matrix, by major fields of science 
 
Natural sciences 
(n=69)
Engineering and 
technology (n=31)
Medical sciences 
(n=45)
Agricultural 
sciences          
(n=4)
Social sciences 
(n=332)
Humanities 
(n=54)
(1) (2) (3) (4) (5) (6)
Natural sciences 62.3% 12.9% 6.7% 0,5 10.8% 22.2%
Engineering and technology 5.8% 48.4% 8.9% 0,25 5.4% 0.0%
Medical sciences 2.9% 9.7% 73.3% 0.0% 10.8% 0.0%
Agricultural sciences 0.0% 0.0% 0.0% 0.0% 3.0% 1.9%
Social sciences 26.1% 25.8% 11.1% 0,25 64.8% 22.2%
Humanities 2.9% 3.2% 0.0% 0.0% 5.1% 53.7%
Respondents' Major Field of Research 
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